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ABSTRACT

A high-fat/high-protein diet has been reported to promote colon cancer

by increasing luminal bile acid and ammonia concentrations, whereas
butyrate, calcium, and low colonie pH may have protective effects.

In this study, bromodeoxyuridine labeling of colonie epithelium was
investigated after incubating biopsies from the ascending colon of 70
patients with HCI (20 IHM,pH 6.0), butyric acid (H-BUT, 20 imi. pH 6.0),
sodium butyrate (Na-BUT, 10 imi, pH 8.0), Cad, (10 HIM),calcium bu
tyrate (Ca-BUT, 10 IHM),ammonium butyrate (NHj-BlT. 10 RIM),deoxy-
cholic acid (DCA, 5 UM),and a combination of DCA and Na-BUT (DCA/
Na-BUT, 5 uiw/10 HIM).

Compared to NaCI, H-BUT and Na-BUT increased the whole crypt-

labeling index significantly, whereas HCI and CaCl2 had no effect. Re
duced labeling, however, occurred with Ca-BUT in comparison to equimo-
lar Na-BUT. No differences in the labeling indexes were found for NH4-
BUT compared to Na-BUT, but increased labeling with expansion of the

proliferative zone to the upper 40% of the crypt was seen with DCA
compared to NaCI. DCA-induced hyperproliferation was abolished by
coincubation with DCA/Na-BUT.

These data suggest that butyrate, calcium, and DCA have complex
influences on mucosa! proliferation. Since luminal concentrations of these
compounds are influenced by dietary interventions, the findings of this
study may be of particular interest with regard to colon cancer develop
ment and prevention.

INTRODUCTION

Diet plays an important role in the etiology of colon cancer.
Whereas a high intake of dietary fat and protein correlates with a high
colon cancer incidence ( 1), protective effects have been reported for
dietary fiber, starch, and calcium (2-4). The consumption of a high-

risk Western diet (high fat/low fiber) increases fecal excretion of the
secondary bile acids deoxycholic and lithocholic acid (5), which have
both been found to increase tumor yield in carcinogen-treated rats

after rectal instillation (6). Increased production of ammonia when
rats consumed a high protein diet has been reported to increase colon
cancer incidence in the rat model (7).

The fermentation of dietary fiber and nonabsorbed starch to SCFA2

by colonie bacteria appears to be a crucial component in colon cancer
prevention (3). By decreasing the pH level in the colonie lumen, SCFA
indirectly inhibit the conversion of primary to secondary bile acids,
resulting in decreased fecal secondary bile acid excretion (3, 8). Bu
tyrate has been reported to decrease growth and increase differentia
tion of various colon cancer cell lines (9-11).

Among reports of the possible protective micronutrients, most re
ports focus on the effects of calcium on colon carcinogenesis (4, 12).
Possible binding of bile salts to insoluble calcium soaps has been used
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as an explanation for its protective effect (13); in addition, there is
evidence for a direct antiproliferative effect of calcium on colonie
epithelial cells (14, 15).

Hyperproliferation of the colonie epithelium with expansion of the
proliferative zone from the crypt base to the upper 40% of the crypt
has been reported as an intermediate stage of neoplastic transforma
tion in subjects who are at risk for colon cancer, e.g., patients with
familial polyposis coli and Gardner's syndrome (16, 17). Cell prolif

eration has also been studied in vitro in short-term culture experiments

with human colonie biopsies (18, 19). Cell viability has been shown
for a period of up to 24 h in these experiments (18). This in vitro
model makes it possible to study the effects of various substrates on
the proliferation of human colonie crypt cells under controlled con
ditions. In such experiments, we have recently shown that sodium
butyrate and other SCFA stimulate epithelial proliferation in biopsies
obtained from the human cecum (19). However, this increase in pro
liferation occurred only in the basal 60% of the crypt, the zone of
physiological crypt cell proliferation (19).

The present in vitro study was designed to investigate the effects of
various protective and promoting agents on proliferation of colonie
epithelium with regard to colon carcinogenesis. As possible protective
factors, varying pH levels of inorganic and organic acids or base,
CaCl2, and Ca-BUT were tested, whereas NH4-BUT and DCA were
examined as assumed promoting factors. Finally, biopsies were coin-
cubated with DCA and sodium Na-BUT to determine whether colonie

proliferation can be affected by the combined action of promoting and
protective substances in such short-term culture experiments. Since

butyrate concentrations are highest in the cecum and ascending colon
(20), the in vitro experiments were performed only on specimens
taken from the ascending colon.

SUBJECTS AND METHODS

During routine colonoscopy using an Olympus CF10L colonoscope (Olym
pus Optical, Hamburg, Germany), six biopsies were taken from endoscopically
normal-appearing mucosa of the ascending colon in 70 patients (38 men, 32
women, 18-83 years of age, mean age, 50.6 years). The indications for

colonoscopy included visible or occult fecal blood or abdominal pain of
unknown origin. Endoscopie findings were mainly diverticula or hemorrhoids.
Patients with inflammatory bowel diseases, polyps, or tumors were excluded
from the study. Endoscopy was performed after an overnight fast and bowel
preparation with oral Golytely solution (59 g/liter polyethylene glycol 4000,
5.68 g/liter Na2SO4, 1.68 g/liter NaHCO.,, 1.46 g/liter NaCI, 0.75 g/liter KC1).

Immediately after the biopsies were obtained, the specimens were immersed
in medium containing Eagle's medium with Earle's salts, fetal calf serum,

antibiotic-antimycotic solution, and 1 mmol/liter glutamine (Gibco, Paisly,

Scotland) and then distributed upon two cell culture dishes containing 3.0 ml
of the above basal medium with the test and control solutions, respectively. In
order to facilitate intraindividual comparisons, three of the six biopsies from
every patient were incubated with the test substrate, and the remaining three
biopsies were incubated with the corresponding control solution. This setup
was chosen because a considerable variation of colonie cell proliferation could
be expected among the different subjects according to age (21, 22) which
would lead to only minor confounding in intraindividual comparisons. Incu
bation lasted for 4 h, a time period which has been shown to be effective in
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Table 1 Test and control solutions in the different incubation experiments

Incubation lasted for 4 h in each experiment, n = number of patients.

ExperimentABCDEFGHn107107571212TestsolutionMCI,

20 HIM,pH6.0H-BUT.
20 mm. pH6.0Na-BUT,

10 M, pH8.0CaCK

10 mm. pH7.0Ca-BUT.
10 mM. pH7.0NH4-BUT,

10 mM, pH7.0DCA,

5 JIM, pH7.0DCA/Na-BUT,
5 HM/10 iâ„¢, pH 7.0Control

solutionNaCl,

20 mM, pH8.0NaCl,
20 mM. pH8.0NaCl,
10 mM, pH8.0NaCl,
10 mM, pH7.0Na-BUT.

10 mM. pH7.0Na-BUT.
10 mM. pH7.0NaCl,

5 (ÃŒM.pH7.0Na-BUT.
10 HIM,pH 7.0

stimulating DNA synthesis (23) and colonie cell proliferation in short-term

culture experiments (18). The composition of the test and control solutions of
each experiment is shown in Table 1. The biopsies of each patient were
allocated to the different in vitro experiments by random numbers stratified for
age. The study was mainly aimed at the effects of butyrate and DCA on colonie
cell proliferation (experiments C, G, and H); thus, the sample sizes for the other
experiments were limited to the minimum number required for the nonpara-
metric Wilcoxon's signed rank test. The test solutions were made up fresh from

reagents of the highest purity available. For experiment E, the test solutions
were prepared by adding 10 meq of either Ca(OH)i or NaOH to a 10 mM
solution of butyric acid to obtain equimolar concentrations. Butyric acid was
purchased from Fluka (Buchs, Switzerland); all other reagents were purchased
from Sigma (St. Louis, MO). Incubation was carried out at 37Â°Cin a modular

incubating chamber (Billups-Rothenberg Inc., Del Mar, CA) which was con

tinuously gassed with carbogen gas (95% oxygen, 5% carbon dioxide) at 1
liter/min. During the incubation period, the two culture dishes were gently
rotated at 10 cycles/min on a rotary shaker (Heidolph, Kehlheim, Germany).

Proliferating cells were labeled immunohistochemically using the bromode-

oxyuridine method (24). Following 2 h of incubation with the test solutions,
200 /AMBrdUrd (Sigma) and 20 JIMfluorodeoxyuridine (Sigma) were added to
the reaction mixture for another 2 h. Then, the biopsies were fixed in Primafix
(CamÃ³n, Wiesbaden, Germany), embedded in Paraplast (Monoject Scientific,
Athy, Ireland), and section-cut into 2-fim slices using a Leitz microtome (Leitz,

Wetzlar, Germany). Denaturation of DNA was achieved by incubation (30 min)
with 2 NHC1. Mouse anti-BrdUrd (no. 7580; Becton Dickinson, San Jose, CA)
was applied as the first antibody (1:100 dilution, 1-h incubation), followed by
the second antibody, biotinylated anti-mouse immunoglobulin (1:100 dilution,
30-min incubation) (RPN 1001; Amersham, Buckinhamshire. United King
dom). After a 30-min incubation with biotinylated streptavidin (1:100) (RPN
1051; Amersham). BrdUrd-labeled cells were visualized using diaminobenzi-

dine solution (Serva, Heidelberg, Germany) with 0.3 g NiCl2 and 0.3 g CoCl2
as intensifies. Finally, the biopsy slides were counterstained with nuclear fast

red.

Statistical Analysis. The histolÃ³gica! slides were viewed under a Laborlux
S microscope (Leitz) at a 625-fold magnification. In every case, proliferation
of colonie crypt cells was evaluated by counting the number of BrdUrd-labeled

cells and total number of cells in 20 longitudinally sectioned crypt columns
according to the criteria described by Lipkin et al. (25). An average LI per
individual was calculated from the number of labeled cells divided by the total
number of cells. The LI was computed for the entire crypt (total LI) as well as
for five different longitudinal crypt compartments (compartment 1, crypt base;
compartment 5, crypt surface) to obtain information about the distribution of
labeled cells within the crypt. Values are given as means Â±SEM. Comparisons
were made by Wilcoxon's signed rank test for paired data and by Mann-

Whitney U test for unpaired data where appropriate. The statistical software
package NCSS (Unisoft, Augsburg, Germany) was used for analysis. A P value
of <0.05 was considered a significant difference.

RESULTS

The results from the different incubation experiments are summa
rized in Tables 2-4 and Figs. 1-3.

Experiments A-C: Effect of Varying pH Levels by Inorganic

(HCI) and Organic Acids (Butyric Acid) in Comparison to Alka
line Sodium Butyrate. Whole crypt LI was unaffected by HCI at an
acidic pH level of 6.0 Â±0.22, and there was no difference between
HCI and NaCl on the LI in compartments 1-5 (Table 2). Incubation

with the organic substance butyric acid (pH 6.0 Â±0.17), however,
increased the number of labeled cells and whole crypt LI significantly
(P < 0.05) compared to NaCl (pH 8.0) (Table 2). The higher total LI
under butyric acid was mainly due to an elevated LI in compartment
1. The Lis in the other crypt compartments were not statistically
different compared to NaCl, although a trend to higher Lis in com
partments 2 (P = 0.07) and 3 (P = 0.15) was detectable with butyric

acid incubation (Table 2).
Proliferation of colonie epithelial cells was also increased during

Na-BUT incubation at alkaline pH levels (8.0 Â±0.21). Compared to

NaCl (pH 8.0 Â±0.18), significantly higher Lis were found for the
whole crypt and for the basal crypt compartments 1-3 (Table 2).

Experiments D and E: Effect of Calcium Chloride and Calcium
Butyrate. Whereas CaCl2 had no effect on colonie crypt proliferation
compared to NaCl, a lower number of labeled cells was found under
Ca-BUT compared to Na-BUT incubation (Table 3). Significantly
decreased Lis under Ca-BUT were computed for the total crypt as
well as for the crypt compartments \-$ compared to Na-BUT (P <

0.05) (Fig. 1).

Table 2 Data from incubation experiments at different pH levels
Data obtained in the differenl incubation experiments at varying pH levels. HCI, 20 HIM;H-BUT. 20 mM; Na-BUT. 10 mM, NaCl, equimolar sodium chloride, pH 8.O. Values are

expressed as means with SEM in parentheses.

HCI vi. NaCl
pH 6.0 Â±0.22

(n =10)Counted

cells/individualTotal
cellsLabeled

cellsComputed

dataTotal
LI(%)LI

(%) by cryptcompartment123452089.8(72.0)283.8(22.8)13.6(1.1)28.5(2.0)24.4(2.7)13.0(2.2)2.0(1.2)0.2(0.1)2019.5(76.2)285.3(25.0)14.3(1.5)28.1(2.2)23.7(2.4)15.0(2.8)4.3(1.6)0.7(0.3)H-BUT

vs. NaCl
pH 6.0Â±0.17(n

=7)1999.3(113.9)313.3(49.9)15.3(1.9)28.4(3.4)27.7(3.9)17.2(2.6)3.2(0.9)0.2(0.1)1779.3(92.4)205.9"(22.8)12.0Â°(1.8)22.5Â°(3.0)21.5(3.2)13.0(2.7)2.7(0.9)0.2(0.1)Na-BUT

vi. NaCl

pH 8.0 Â±0.21
(n =10)1887.1(106.6)284.2(21.9)14.6(0.9)25.5(1.9)25.9(1.5)17.3(2.1)3.9(1.0)0.2(0.2)1948.4(87.2)193.3"(20.4)9.5"(0.8)18.6Â°(1.3)17.0"(1.8)10.0"(1.2)1.8(0.9)0.2(0.2)

" P < 0.05 by Wilcoxon's signed rank test.
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Table 3 Data from incubation experiments with CaCl} and calcium butyrate

Data obtained in different incubation experiments with 10 HIMCaCl2 and 10 ITTM
Ca-BUT in comparison to equimolar NaCl and Na-BUT, respectively. Values are ex

pressed as means with SEM in parentheses.

Countedcells/individualTotal
cellsLabeled

cellsComputed

dataCaCl2(n1663.6(73.7)219.6(12.7)13.4vs.

NaCl
= 7)1744.3(51.8)218.7(19.8)12.6Ca-BUT

vi.2328.0(409.7)171.0(56.0)6.9Na-BUT2256.0(446.9)298.4"(74.7)12.9Â°

Total LI l
(1.0) (1.5) (1.3)

" P < 0.05 by Wilcoxon's signed rank test.

t

i

Crypt Compartments

Fig. 1. Labeling index by crypt compartment in incubation experiment with 10 mu
Ca-BUT and 10 mMNa-BUT;Â« = 5 subjects. Columns (bars), means ( + SEM); */> < 0.05
by Wilcoxon's signed rank test. â€¢¿�Ca-BUT; Ãœ,Na-BUT.

Table 4 Effects of ammonium butyrate, deoxycholic acid, and sodium butyrate on
colonie crypt cell proliferation

Data obtained in the different incubation experiments with 10 mM NH^-BUT, 5 JIM
DCA, and 5 ^M DCA-plus 10 mM sodium butyrate Na-BUT (DCA/Na-BUT) in com
parison to equimolar sodium chloride (control). Values are expressed as means with SEM
in parentheses.

NRi-BUT
vs. Na-BUT

(n =7)Counted

cells/individual
Total cells 1659.3 1602.9

(74.4) (55.5)
Labeled cells 223.4 202.0

(17.9) (19.5)
Computed data

Total LI (%) 13.4 12.6
(0.7) (1.0)DCA(n2131.2

(17.7)
368.6
(17.4)17.5

(0.8)vs.

NaCl
= 12)2120.8

(22.7)
266.5"

(15.5)12.5"(0.7)DCA/Na-BUTvs.

NaBUT
(n =12)2132.9

2151.5
(22.1) (20.5)
345.3 356.9
(20.6)(13.1)16.2

16.6
(0.9) (0.6)

For experiments G and H, biopsies were obtained from two groups
of patients of comparable ages (experiment G, 51.2 Â±4.8 years;
experiment H, 50.8 Â±3.7 years) and sex distribution (experiment G,
4 males, 8 females; experiment H, 5 males, 7 females). The groups
DCA and DCA/Na-BUT did not differ in the total number of crypt
cells (DCA, 2131.2 Â±17.7; DCA/Na-BUT, 2132.9 Â±22.1; P = 0.89)
and crypt length (DCA, 53.3 Â±2.8; DCA/Na-BUT, 53.3 Â±3.5; P =

0.9). Comparing the results of these two groups (Fig. 3), we computed
significantly lower Lis for the upper 40% of the crypt (compartments
4 and 5) under combined incubation with DCA/Na-BUT (P < 0.05,
Mann-Whitney U test). The labeling pattern in the physiological re
gion of crypt cell proliferation (compartments 1-3), however, was not

different.

DISCUSSION

In this study, cell proliferation of human colonie epithelium was
investigated after short-term culture of biopsies of the ascending colon

with selected agents thought to promote or inhibit colon cancer de
velopment. Cell proliferation was measured by bromodeoxyuridine
immunohistochemistry. This method has been shown to be a compa
rable technique to [3H]thymidine autoradiography (26) with the ad

vantage of being less time-consuming and nonradioactive (24). In the

control runs with NaCl incubation, we found labeling indexes between
9.5 and 14.3% in our cohort of patients with a mean age of 50.6 years.
Although the Lis tended to be relatively high for normal colonie
epithelium, the results are comparable with data from Roncucci et al.
(21) and Deschner et al. (22) who reported [3H]thymidine-labeling

indexes of 12.9 Â±0.5% up to 15.4% in the rectal mucosa of healthy

Â«â€¢Â«IÂ«*Iâ€¢

*IItÂ»LJ

" P < 0.005 by Wilcoxon's signed rank test.

Crypt Compartments

Fig. 2. Labeling index by crypt compartment in incubation experiment with 5 ^M DCA
and 5 /IM NaCl; n = 12 subjects. Columns (bars), means ( + SEM); **/> < 0.005, */> <
0.05 by Wilcoxon's signed rank test. Gray column, DCA; D, NaCl.

Experiment F: Effect of Ammonium Butyrate. There was no
significant difference in the number of labeled and unlabeled cells
under NH4-BUT compared to Na-BUT incubation. The LI for the

entire crypt (total LI, Table 4) and the Lis for the different crypt
compartments 1-5 were similar in both groups.

Experiments G and H: Effect of Deoxycholic Acid and Sodium
Butyrate. Following incubation with 5 Â¡JLMDCA, the number of
labeled cells and total LI were significantly increased compared to
NaCl (Table 4). Moreover, an expansion of the proliferative zone was
found under DCA with increased Lis for the compartments 1â€”4and

compartments 4 and 5 combined (Fig. 2).
Whole crypt LI (total LI) was relatively high (16.2%) in the group

with DCA/Na-BUT incubation (Table 4). However, there was no
difference compared to the control, Na-BUT, in mean total LI (16.6%)
or in the Lis for compartments 1-5.

0.06

Crypt Compartments

Fig. 3. Labeling index by crypt compartment in incubation experiments with 5 IJLM
DCA and 5 (Â¿MDCA/10 mM Na-BUT, n = 12 subjects. Columns (bars), means (+SEM);
*P < 0.05 by Mann-Whitney U test. Gray column. DCA; D, DCA/Na-BUT.
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PROLIFERATION OF HUMAN COLONIC MUCOSA IN VITRO

subjects in older age groups between 66 and 90 years and 55.9 Â±14.3
years, respectively. To diminish a possible distortion of the results by
varying initial Lis, our study was mainly directed to intraindividual
comparisons.

Effects of Varying pH Levels. Several epidemiological studies
indicated an increased risk for colon cancer in population groups with
elevated fecal pH levels (27, 28). In an experimental study, it was
shown that low colonie pH decreases the rate of colonie tumors in
1,2-dimethylhydrazine-treated rats (29). In this study, the acidification

of colonie pH was caused by feeding sodium sulfate or lactulose, the
latter of which is fermented to SCFA in the colonie lumen causing a
decrease in pH level. In our study, the incubation of colonie biopsies
with inorganic HC1 (pH 6.0) did not have any effect on the prolifer
ation of colonie epithelial cells compared to NaCl (pH 8.0). Contrary
to the assumption that Na+ levels >25 ITIMmay increase colonie cell

proliferation (30), we have shown that the addition of 95 mM NaCl to
the incubation medium had no effect on cell proliferation in this in
vitro model (19). Thus, we believe that NaCl is a suitable control
solution and that HC1 at the concentration used had no effect on
proliferation. However, the incubation with butyric acid at a compa
rable pH level of 6.0 revealed a significant increase in whole crypt LI
compared to NaCl. A significantly elevated colonie crypt cell prolif
eration was also seen under alkaline Na-BUT (pH 8.0) at a 10 mM

concentration which is comparable to the in vivo butyrate concentra
tion found in the human cecum and ascending colon (20). We have
shown previously that there is no difference in colonie proliferation if
biopsies were incubated with 10, 25, or 60 HIM Na-BUT (19). It

appears that it is not the acidification of the colonie lumen per se
which affects colonie cell proliferation; it seems to be the kind of
colonie contents which cause the acidification (31 ). Studies in healthy
volunteers as well as in patients with previous colonie polypectomy
showed that lowering fecal pH by giving dietary sodium sulfate did
not affect the labeling index of colonie crypts in these subjects (32,
33). An acidic pH level may be indirectly related to low colon cancer
risk by influencing the metabolism of bile acids, fatty acids, and
ammonia (31). Lupton et al. (34) reported an increased epithelial cell
proliferation in the colon of rats in which colonie contents were
acidified by feeding lactulose and sorbitol. These results are in line
with our data, considering that sorbitol and lactulose are rapidly
fermented to SCFA in the proximal colon (31). At first sight, the
increased LI found under butyric acid and Na-butyrate may be mis

judged as a sign of increased susceptibility to colon cancer. However,
according to Lipkin (17), the distribution of labeled cells within the
crypt is of major importance with regard to colonie carcinogenesis
since the expansion of the proliferative zone to the upper 40% of the
crypt (compartments 4 and 5) was shown to be a sensitive biomarker
of increased cancer risk. In our study, both butyric acid and Na-
butyrate increased the Lis only in compartment 1 and 1-3, respec

tively, which should be regarded as a physiological pattern of in
creased crypt cell proliferation. Moreover, butyrate has been shown to
act as a differentiating and growth-inhibiting agent on several colon
cancer cell lines in culture experiments (9-11, 35).

Effects of CaCl2 and Ca-Butyrate. A protective effect of dietary

calcium on colon cancer has been suggested in several studies, i.e.,
average daily calcium intakes > 1500-1800 mg (4). Binding of cyto-

toxic bile acids and fatty acids as well as directly differentiating
effects on colonie cells have been proposed as explanations (4, 13,
15). In contrast to Buset et al. (14) who found a decrease in prolif
eration of colonie cells under incubation with 2.2 mM CaCl2 in a cell
culture experiment with biopsies from nine high-risk patients, we

could not find any differences in the labeling indexes under CaCl2 and
NaCl incubation. Perhaps this is due to the fact that we studied
biopsies from patients who were not at risk for colon cancer, nor was

there any hyperproliferation-inducing agent added to the incubation

medium in this experiment.
However, in the experiment comparing the effects of 10 min Ca-

butyrate and 10 mM Na-butyrate, a significant reduction of the LI for

the entire crypt (6.9 versus 12.9%, P < 0.05) as well as for the crypt
compartments 1-4 was detected. This indicates that calcium may act

as an antiproliferative agent only in situations in which increased
proliferation is present. In an intervention study of 10 subjects who
were at high risk for familial colon cancer, Lipkin and Newmark (36)
showed that proliferation of rectal mucosa was significantly reduced
when oral supplementation with 1.25 g calcium/day was used. A
similar finding was reported by Wargovich et al. (37) from a placebo-

controlled trial of 20 subjects with sporadic adenoma who received a
daily dose of 2 g calcium carbonate for 4 weeks. The consistency of
other confirming data from numerous animal studies is striking (12,
38^0), whereas only a few studies reported conflicting results (41,
42). In this respect, it might also be mentioned that 1,25-dihydroxy-
vitamin D3 was shown to enhance sodium butyrate-induced differen
tiation of HT-29 human colonie carcinoma cells by affecting cellular

calcium uptake (43).
Effect of Ammonium Butyrate. Increased luminal ammonia con

centrations have been implicated as a pathophysiological explanation
for an increase in 1,2-dimethylhydrazine-induced colon cancer in rats
receiving a protein-enriched diet (7). In subsequent studies of the

same group, it was shown that intrarectal instillation of ammonium
acetate (4.7 mol/liter) increased the incidence and total number of
colonie carcinomas in N-methyl-W-nitro-Af-nitrosoguanidine-treated

rats, whereas intrarectally instilled sodium cholate had no effect (44).
Furthermore, it was shown that in situ perfusion of rat colon with 35
mmol/liter ammonium acetate or ammonium chloride caused mucosal
damage of the colon expressed as histolÃ³gica! damage and loss of
mucus, carbohydrate, and DNA (45). We incubated colonie biopsies
with 10 mmol/liter ammonium butyrate, an ammonia concentration
comparable to that found in the fluid of the human large intestine (46).
In contrast to other studies conducted in this field, the in vitro model
used in the present study enabled us to investigate the effects of
ammonium butyrate in the absence of other factors which also mod
ulate colonie proliferation, e.g., pH, dietary fiber, bile acids, and fatty
acids (31 ). There were no differences in the labeling indexes for the
entire crypt as well as for the crypt compartments 1-5 compared to
equimolar Na-butyrate incubation. To date, we have no additional data

to explain this finding. One might hypothesize that the glutamine
content of the incubation medium may have led to a detoxification of
ammonia or that a toxic effect of ammonia on the colonie epithelium
was counteracted by the differentiating effect of butyrate which is
known from cell culture experiments with various colon cancer cell
lines (9-11).

Effects of Deoxycholic Acid and Its Combination with Sodium
Butyrate. After 4 h incubation with 5 Â¡Ã•Mdeoxycholic acid, increased
proliferation of colonie crypt cells with an expansion of the prolifer
ative zone to the upper 40% of the crypt (elevated LI in compartments
4 and 5) was found compared to NaCl. According to Lipkin (17) and
Deschner (16), this expansion of the proliferative zone has to be
regarded as a sign of increased susceptibility for colon cancer. Our
data are in line with several experimental studies showing that rectal
instillation of DCA increased cell proliferation, colonie nuclear dam
age, and colonie tumor incidence in carcinogen-treated rats and mice

(6, 47, 48). An increase of colonie proliferation under in vitro incu
bation with 10~7 MDCA was also reported by Usugane et al. (18) in

a small series of 4-5 patients. Lis for the whole crypt (17.2-19.6%)

were comparable to the total LI found in our study (17.5%); however,
no information was provided about the distribution of labeled cells
within the crypt. In contrast to the study of Usugane, we used a higher
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concentration of DCA since it was shown by Reiss et al. (49) that
DCA at a 5 JAMconcentration produced the greatest increase in via
bility in organ cultures of rat colon with comparable Lis compared to
lower concentrations.

Interestingly, the samples which were incubated with a combination
of 5 /AMDCA and 10 min Na-BUT did not differ in Lis compared to
the control Na-BUT solution, neither for the whole crypt nor for any

of the 5 crypt compartments. As already shown in the preceding
experiments with Na-BUT, total LI was relatively high in both groups

(16.2 versus 16.6%). However, when the results are compared with the
proliferation parameters found under DCA incubation, it appeared that
the addition of Na-BUT to DCA changed the pattern of proliferation.

Upper crypt labeling (LI in compartments 4 and 5) was significantly
lower under DCA/Na-BUT compared to DCA (P < 0.05). The two
groups DCA and DCA/Na-BUT were comparable for age, sex, and

crypt length. Thus, we believe the interindividual comparison of both
groups by nonparametric Mann-Whitney U test was justified. The

cocarcinogenic effect of deoxycholic acid on colonie carcinogenesis
in the rat model has been explained by its DNA-damaging effects (50,
51). Do the results from our study indicate that DCA may lose its (co-)
carcinogenic properties when biopsies are coincubated with Na-bu-
tyrate? At least, the reduction in upper crypt labeling by Na-BUT
indicates a direct protective effect of Na-BUT on colonie epithelium

in this in vitro model which may be explained by the differentiating
potential of butyrate. Bile salts have also been shown to enhance
prostaglandin E2 release from the colon (52). DeRubertis et al. (53)
reported that lipoxygenÃ¤se products (12-hydroxyeicosatetraenoic

acid) may be involved in the proliferative effect of DCA. Thus, it may
be worth investigating whether these mediators are also affected by
butyrate incubation.

In conclusion, the results of the in vitro experiments presented in
this study demonstrate that certain luminal compounds with concen
trations that can be affected by dietary interventions may have com
plex influences on colonie proliferation. Interventions leading to de
creased fecal excretion of secondary bile acids and increased luminal
concentrations of butyrate and calcium (low-fat, high-fiber, high-

calcium diet) could affect colonie proliferation in many positive ways
and may, therefore, be used as preventive measures in colonie car
cinogenesis.
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